The effects of six phenolic compounds (o-, m-, and p-cresol and 2-, 3-, and 4-ethylphenol) on the anaerobic biodegradation of phenol was examined in batch methanogenic cultures. Results showed that ethylphenols were more inhibitory of phenol degradation than were cresols. The inhibitory effects of the three isomers of cresol and ethylphenol did not vary with the isomer but rather with the substituted functional group.
Wastewaters containing phenols have traditionally been treated by using physical, chemical, and aerobic biological processes. Recently, anaerobic biological processes have been used for the treatment of phenolic wastewaters (7, 10, (13) (14) (15) (16) 18) . Some phenolic compounds, including phenol, m-cresol, and p-cresol, have been shown to be biodegradable to methane and carbon dioxide in batch anaerobic cultures (1-3, 6, 9, 19) .
Evans (5) summarized probable pathways for the anaerobic biodegradation of aromatic compounds. Ferry and Wolfe (8) , however, showed that the methanogenic fermentation of benzoate requires the cooperation of several groups of bacteria and that the methanogens serve only as the terminal organism of a metabolic food chain. Removal of intermediates by methanogens provides thermodynamically favorable conditions for the degradation of many aromatic compounds. Recently, Sheridan et al. (12) and Dwyer et al. (4) observed a consortium consisting of three types of bacteria that were responsible for the conversion of phenol to CH4 and CO2.
In this study, the biodegradabilities of phenol, three cresols (o-, m-, and p-cresol), and three ethylphenols (2-, 3-, and 4-ethylphenol) in batch phenol-enriched methanogenic cultures were examined. The concentration effects of three cresols and three ethylphenols on the rate of phenol biodegradation were also investigated.
A phenol-enriched methanogenic culture was cultivated with a continuous-flow 14-liter fermentor (model MF-114; New Brunswick Scientific Co., Inc., Edison, N.J.) operated at a 30-day hydraulic retention time. The substrate for the fermentor contained 4,000 mg of phenol per liter and 5 mg of each of the following phenolic compounds per liter: o-cresol, m-cresol, p-cresol, 2-ethylphenol, 3-ethylphenol, 4-ethylphenol, catechol, resorcinol, hydroquinone, salicylic acid, m-hydroxybenzoic acid, and p-hydroxybenzoic acid. This solution was supplemented with a salt and vitamin nutrient solution of the actual feed composition described previously by Wang et al. (18) . The fermentor was operated at a temperature of 35°C, and a pH of 7 was maintained with sodium bicarbonate. Culture transfer was performed only when the fermentor was operating at steady-state conditions.
A serum bottle modification of the Hungate technique was used for culture medium transfer, as described elsewhere (17) . A 100-ml volume of culture was transferred from the * Corresponding author.
fermentor to each serum bottle (125 ml) for all the batch studies. For the study of the effects of cresols and ethylphenols on anaerobic phenol degradation, each test compound was added to a series of bottles at nominal concentrations of 50, 100, 150, 250, 300, 400, 500, and 700 mg/liter. Phenol, a known biodegradable compound, was also added to each bottle at a concentration of 200 mg/liter. After equilibration for 30 min at the incubation temperature (35°C), gas volumes were zeroed to ambient pressure with a syringe; the bottles were then ready for incubation and sampling. Duplicates were run for all samples, including the blanks, which contained only the fermentor cultures and the reducing agents (sodium sulfide and L-cystine hydrochloride), and the controls, which received only 200 mg of phenol per liter.
Gas production was measured by the syringe method described by Owen et al. (11) . Gas composition was determined with a gas partitioner (model 1200; Fisher Scientific Co., Pittsburgh, Pa.) with certified calibration standards. The volumetric methane production data were corrected for moisture content and converted to standard temperature and pressure (0°C and 1 atm [101.29 kPa]). These data were also corrected for the methane content of the liquid as determined from Henry's law and the partial pressure of the methane in the gas phase. Aqueous samples (1.5 ml each) were withdrawn from test bottles with a syringe at proper intervals and were immediately acidified to a pH of 2. A portion of each sample (0.5 ml) was used for volatile acid analysis, while the remaining 1.0 ml was extracted with ethyl ether for determination of the concentrations of the phenolic compounds. Concentrations of phenolic compounds and volatile organic acids were analyzed by gas chromatography by the procedure described previously (18) .
Since approximately 90% of the theoretical yield. A lag period of approximately 70 h was observed, however. The degradation of m-cresol required a much longer time. Methane production did not exceed that observed for the blanks during the first 1,010 h of incubation, but complete disappearance of m-cresol was noted after incubation for 1,400 h. Net CH4 production from m-cresol accounted for 85% of the theoretical yield. Previous work has shown that m-cresol is resistant to degradation under anaerobic conditions (3, 6). However, Boyd et al. (2) reported the complete disappearance of m-cresol in 10% anaerobic sewage sludge within 7 weeks of incubation. The difference could be due either to variability in culture inoculum or to length of incubation period.
The data in Fig. 1 show the effects of the o-, m-, and p-cresol concentrations on the rate of degradation of phenol. Concentrations of the three cresols lower than 150 mg/liter did not seem to affect the rate of phenol degradation appreciably. However, higher concentrations of these compounds were observed to affect the rate of phenol degradation and methane production. The production of volatile organic acids was monitored throughout the study, and no significant acid accumulation, compared with that in the controls, was observed, even when the rate of methane production was severely reduced. Acetic acid was the only low-molecularweight volatile acid detected, and the measured concentrations in all test bottles were generally in the 10-to 40-mg/liter range. This observation indicated that phenol-degraders were more susceptible to inhibition by cresols than were the methanogens.
The inhibition of the biodegradation of phenol by cresols seemed to increase with increasing concentrations of cresol 
